Abstract Common bean is an important vegetable legume in many regions of the world. Size and color of fresh pods are the key factors for deciding the commercial acceptance of bean as a fresh vegetable. The genetic basis of important horticultural traits of common bean is still poorly understood, which hinders DNA marker-assisted breeding in this crop. Here we report the identification of single-locus and epistatic quantitative trait loci (QTLs), as well as their environment interaction effects for six pod traits, namely width, thickness, length, size index, beak length and color, using an Andean intra-gene pool recombinant inbred line population from a cross between a cultivated common bean and an exotic nuña bean. The QTL analyses performed detected a total of 23 QTLs (single-locus QTLs and epistatic QTLs): five with only individual additive effects and six with only epistatic effects, while the remaining twelve showed both effects. These QTLs were distributed across linkage groups (LGs) 1, 2, 4, 6, 7, 8, 9, 10 and 11; particularly noteworthy are the QTLs for pod size co-located on LGs 1 and 4, indicative of tight linkage or genes with pleiotropic effects governing these traits. Overall, the results obtained showed that additive and epistatic effects are the major genetic basis of pod size and color traits. The mapping of QTLs including epistatic loci for the six pod traits evaluated provides support for implementing markerassisted selection toward genetic improvement of common bean.
Introduction
Common bean (Phaseolus vulgaris L., 2n = 2x = 22) is an important legume crop grown on all continents. The principal products derived from this crop are dry beans (seeds harvested at complete maturity), shell beans (seeds harvested at physiological maturity, i.e. before the desiccation associated with complete maturity sets in) and green or snap beans (pods Fernando J. Yuste-Lisbona and Ana M. González have contributed equally to this work.
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harvested before the seed development phase). Much of the adaptive radiation in snap bean diversity appears to have occurred in Europe after the Colombian exchange, mainly focused on Mediterranean countries. From Europe, snap beans were dispersed to the rest of the world (Gepts 1988) , where they have acquired particular importance both as fresh and processed foods. Due to selection during domestication, common bean shifted from small to large pods, and from types that shatter due to highly fibrous and parchmented pod walls to forms with less fiber that are less subject to shattering, which favored the development of cultivars for vegetable use (Gepts 1988; Gepts and Debouck 1991) . Breeding efforts have focused on pod fruit qualities, such as sensory quality, sugar content, size, maturity and color (see review of Myers and Bagget 1999) . However, the limited diversity of commercial snap bean varieties suggests that an important goal of bean breeding should be to broaden the genetic diversity of specific commercial genotypes. Common bean genetic resources exist as a complex array of major and minor gene pools, races and intermediate types, with occasional introgressions between wild and domesticated types. Hence, one of the most important challenges facing snap bean breeders is the identification and transfer of traits from other backgrounds into snap beans. The essence of the problem is how to incorporate useful economic traits without breaking apart the snap bean complex of traits. The demand for new bean varieties with improved and novel horticultural traits means that the breeder must look for methods and strategies to improve efficiency and to reduce the time required to develop new varieties (De Ron et al. 2004) . In this framework, the use of molecular markers may help to facilitate the transfer of traits from a non-adapted background into snap beans.
Knowledge of bean genetics, together with very few examples of possible snap bean landraces from Meso-and South-America (Singh 1989) , suggest that snap beans were derived from dry beans, which would mean that genes encoding fleshy and succulent pods may be a consequence of recent selection and breeding efforts. However, little is known about the genetic control and the molecular variation underlying important pod traits such as length, shape, color, straightness, smoothness, rate of seed development, fiber content, internal color and texture, presence of interlocular cavitations, and point of detachment (Silbernagel 1986) . Pod cross-sectional shape is a function of wall thickness and timing of development. At least four genes (Ea, Eb, Ia and Ib) are known to control this trait, although its inheritance pattern is uncertain (Leakey 1988) . The color of immature pods, which varies from green to red and purple, is caused by a differential accumulation of anthocyanin. P and V genes control solid purple coloring or purple stripes depending on the allele at the [C Prp] locus (Bassett 1996) . Bassett (2005) The goal of QTL mapping is to identify the genes responsible for generating differences between individuals within a polymorphic population. However, the presence of epistasis can greatly affect the mapping between genotype and phenotype. The effects of QTLs may be masked by interactions with other loci, which can make mapping difficult (Phillips 2008) . Therefore, not only can epistasis be considered the major barrier to inferring the genetic architecture of complex traits, it also hampers the efficiency of breeding programs. A direct implication of epistasis is that the lower fitness of individual alleles could be increased when they are found together in a given genotype (Holland 2007) . Thus any attempt to use QTLs for improved plant performance and adaptation to different environmental conditions should take into account such epistatic effects, involving activities which tend to accumulate favorable allele combinations in the same genotype. Hence, the identification of QTLs and the elucidation of their genetic control (main and epistatic effects) are essential for the development of efficient marker-assisted selection (MAS) aimed at improving breeding efficiency (Govindaraj et al. 2009 ).
Recent progress in common bean genomics has provided an opportunity to unravel the genetic basis of important horticultural traits. Tanksley and McCouch (1997) suggested that exotic or non-adapted lines may possess desirable alleles for quantitative traits that may not be present in elite lines. The identification of these alleles by plant breeders can be made more efficient by combining the information from genetic linkage maps and QTL studies. A relatively large number of linkage maps have been developed in common bean, mainly from inter-gene pool crosses, which have been used to identify single-locus QTLs for yield, vegetative and seed traits (Koinange et al. 1996; Tsai et al. 1998; Park et al. 2000; Tar'an et al. 2002; Johnson and Gepts 2002; Beattie et al. 2003; Guzman-Maldonado et al. 2003; Blair et al. 2006; Pérez-Vega et al. 2010; Yuste-Lisbona et al. 2012) . The recently developed common bean consensus map offers the opportunity to increase the number of markers in selected genomic regions and provide greater genome coverage (Galeano et al. 2011) . QTLs with genetic main and epistatic effects related to eating quality traits, such as size and fiber traits, have been reported in a few legume crops (asparagus bean: Xu et al. 2013; azuki bean: Isemura et al. 2007; Kaga et al. 2008; cowpea: Andargie et al. 2011; soybean: Kang et al. 2009 ; and yardlong bean: Kongjaimun et al. 2012a, b) . In the case of common bean, several QTLs have been reported for pod fiber, sugar content, color, cross section, width and length traits (Koinange et al. 1996; Kelly et al. 2003; Myers et al. 2004; Davis et al. 2006; VandenLangenberg et al. 2012 ), but epistatic effects were not analyzed. As epistasis is considered an integral part of the genetic architecture of quantitative traits (Parvez et al. 2007 ), in the current work we report the identification of single-locus and epistatic QTLs, as well as their environment interaction effects, for six horticultural traits using an Andean intra-gene pool recombinant inbred line (RIL) population. Our results revealed the importance of epistatic QTLs in the genetic control of pod size and color traits, as well as the co-location of some pod QTLs, and hence their usefulness as breeding tools in common bean.
Materials and methods

Population development
A RIL population consisting of 185 F7 lines was developed by single-seed descent from an F2 population. The parents, PMB0225 (white-seeded and green pod common bean line, resistant to the bean common mosaic virus, and indeterminate erect growth habit type II, abbreviated as P1) and PHA1037 (photoperiod-sensitive red-seeded and purple pod nuña bean line, and indeterminate climbing growth habit type IV, abbreviated as P2), were both accessions belonging to the Andean gene pool (Fig. 1) 
Measurement of pod traits
The quantitative pod traits included (1) width (PWI), the distance at right angles to the sutures at the level of the second seed from the apex, (2) thickness (PT), the distance between sides at the level of the second and third seed from the apex, (3) length (PL), the exterior distance from the peduncle connection point to the apex excluding the beak, (4) the size index (PSI), calculated as the length divided by the width, (5) the length of beak (PBL), and (6) color (PC), recorded as 0 = absence, 1 = presence of red color and 2 = presence of purple color. Measurements were carried out in individual fully expanded immature pods from ten random normal plants.
Statistical data analysis
Variation in the expression of pod traits over all the environments was analysed using ANOVA (PROC GLM, SAS software, SAS Institute Inc v.9.02, 2010, Cary, NC, USA). The following random factors were included in each model: lines, environments, replication within environments, and the line-by-environment interaction. Each location-by-year combination was considered a separate environment in the analysis. Each trait was first analyzed by one-way ANOVA for each environment individually, and then for the combined environments. Significant differences (P B 0.05) between two means were determined by t tests. Descriptive statistical parameters were obtained for each trait and environment (mean value, standard deviation and range of variation), and variances and normality (Kolmogorov-Smirnov test) of the phenotypic traits. Broad-sense heritabilities of additive effects for pod traits and phenotypic correlations were implemented using the statistical SAS software.
QTL analysis
The genetic linkage map described by Yuste-Lisbona et al. (2012) was used for QTL analysis. The P locus was added to this map, which consisted of 194 loci (85 amplified fragment length polymorphism, 95 simple sequence repeat, 13 single nucleotide polymorphism, and one morphological marker) distributed over 12 linkage groups (LGs). The map spanned 824.95 cM, with an average distance of 4.3 cM between adjacent markers. Marker data were analyzed by JoinMap Ò 4.0 software (van Ooijen 2006) . A minimum logarithm of odds ratio (LOD) score of 6.0 and a recombination frequency value of 0.3 were set as the linkage threshold for grouping markers. The Kosambi map function (Kosambi 1944) was used to calculate the genetic distance between markers. The LGs were designated according to Pedrosa-Harand et al. (2008) .
QTLNetwork 2.0 software (Yang et al. 2008 ) was used to identify single-locus QTLs, epistatic QTLs (EQTLs) and their environment interaction effects (QTLs 9 environment, QE; and E-QTLs 9 environment, E-QE). The mixed-model-based composite interval mapping method (MCIM) was carried out for one-dimensional genome scanning to detect putative single-locus QTLs (defined as those showing significant main additive effects) and their environment interactions. In addition, a two-dimensional genome scan was carried out to identify epistatic interaction effects. An experiment-wise significance level of 0.05 was designated for candidate interval selection, putative QTL detection and QTL effect. Both testing and filtration window size were set at 10 cM, with a walk speed of 1 cM. The critical F value to declare putative QTLs was determined by a 1,000-permutation test at the confidence level of 95 %. The effects of QTLs and environment interactions were estimated by the Markov chain Monte Carlo method (Wang et al. 1994) . QTLs with only genetic effects indicated that these were expressed in the same way across environments, while QTLs with environment interaction effects suggested that their expressions were environmentally dependent. The QTLs detected were designated as recommended by Miklas and Porch (2010) . The genetic map and the QTLs detected were drawn using MapChart 2.2 software (Voorrips 2002) .
Results
Phenotypic variation of pod horticultural traits in the RIL population Table 1 shows the mean values and standard errors of the parental genotypes and the RIL population, as well as the ranges of variation of the RIL population for the pod traits for each environment. Analyses of variance showed that environmental effects, genotypic differences and genotype 9 environment interaction were significant for all traits, while environment effects did not influence PSI (data not shown). All pod traits, with the exception of color, were normally distributed in all environments, as assessed by Kolmogorov-Smirnov tests (data not shown), suggesting that multiple factors interact to affect pod size, perhaps in an additive fashion, and that the presence of major genetic factors controls pod color. Pods of PHA1037 (exotic nuña bean) were larger and pigmented but with smaller beak than those of PMB0225 (cultivated common bean) (Fig. 1) . Some pod size components such as PWI and PT were significantly different among RILs but not between parents, likely due to transgressive segregation promoted by new allele combinations appearing in the RIL population. In fact, transgressive segregation in both directions was apparent for all size traits, with a substantial number of lines exhibiting larger pod size and beak length than PHA1037 and PMB0225, indicating that both parents carry genes that contribute to pod quality variation.
The estimated broad-sense heritabilities for pod size traits were above 50 % in both LD09 and SD10 environments (Table S1 ). The heritability estimates for PBL were high (C70 %) in all experiments except SD09 (59 %), and PC presented high heritability estimates (C65 %) in all of the environments studied. A report of the correlation analysis is provided in Table S2 . The highest positive correlations were found between PWI/PL and PSI (r [ 0.65). Low positive and negative correlations were found between PWI/PT and PBL (r = 0.15 and -0.19, respectively), PBL and PSI (r = 0.12), and PWI and PT (r = 0.11).
Main-effect QTLs detected by single-locus analysis
The evaluation of the 185 RILs developed from the cross PMB0225 9 PHA1037 under LD and SD natural photoperiod conditions has allowed the identification of 17 single-locus QTLs for pod traits, which were distributed throughout seven LGs (Fig. 2) . Eleven of the QTLs only exhibited significant genetic main effects, while six showed both significant genetic main effects and QE interaction effects. A complete report of the single-locus QTLs detected for pod traits is given in Table 2 . The additive effects of all putative QTLs explained from 2.2 to 5.9 % of the total phenotypic variation for pod size traits (PWI, PT, PL and PSI), 12.2 % for PBL, and 20.6 % for PC. For PWI, PT and PSI traits, all the QTLs detected had negative values, which indicates that the increase in these traits is due to the presence of the alleles from PMB0225. For PL, PBL and PC traits, QTLs with positive (alleles from PHA1037) and negative (alleles from PMB0225) additive values were identified for the same trait, indicating that alleles from both parents contribute to increase these traits. The QTLs with only genetic main effects were located on six LGs: three on LG 1, four on LG 4, and one on LGs 2, 6, 8 and 11. Each QTL explained only a small proportion of the phenotypic variance, ranging from 0.2 to 4.7 %. The four QTLs located on LG 4 (PWI4 PP , PT4.1 PP , PSI4
PP and PBL4 PP ) were mapped between 55.5 and 58.3 cM. The fact that they were mapped relatively close together and also the significant correlations found between PWI, PT, PSI and PBL seem to indicate that related or pleiotropic genetic factors govern these traits.
In addition, six single-locus QTLs were involved in significant QE interactions in different environments: one QTL for PWI and PSI (SD09 and LD10), PBL (SD09) and PC (SD10), and two QTLs for PL (SD09 and LD10, and SD10). These QTLs were located on three
LGs: four on LG 1, and one on each of LGs 4 and 7. The percentage of phenotypic variation explained by these QTLs ranged from 0.2 to 3.2 % for pod size (PWI, PL and PSI), and PBL traits. For PC, QTL PC7.1 PP had the highest additive effect, accounting for 13.8 % of the phenotypic variance, and was located at the position of P locus on LG 7, between BM185 and P markers. The QE interactions explained from 3.2 to 4.7 % of the phenotypic variance for pod size traits (PWI, PL and PSI), 1.1 % for PBL, and 1. LD09 ns 0.00 ± 0.00 ND 0.27 ± 0.05 0.00-2.00 ** SD09 ns 0.00 ± 0.00 2.00 ± 0.00 ** 0.36 ± 0.05 0.00-2.00 ** LD10 ns 0.00 ± 0.00 ND 0.37 ± 0.04 0.00-2.00 ** SD10 ns 0.00 ± 0.00 2.00 ± 0.00 ** 0.44 ± 0.03 0.00-2.00 ** ns Non-significant differences between parents or RILs, ND no data taken for pod traits in the parent PHA1037 under LD conditions *, ** Significant at the 0.05 and 0.01 probability levels, respectively, for difference among parents (P PAR ) or RILs (P RIL ) a Size dimensions are given in mm b 0 = all plants showing absence of pod color, 1 = all plants with red pod color trait, and 2 = all plants with purple pod color trait Fig. 2 Location of single-locus QTLs and E-QTLs associated with pod size and color traits on a genetic linkage map of common bean based on the RIL population developed from the cross PMB0225 9 PHA1037. Distances between markers are indicated in cM to the right of the linkage groups; names of markers are shown on the left. QTLs are depicted as vertical bars to the right of the linkage groups. Names of QTLs are listed in Tables 2 and 3 PP for PC, the remaining E-QTLs not only participated in epistatic interactions, but they also had an individual genetic effect. The analysis revealed novel loci on LGs 4, 7, 8, 9, and 10 interacting to influence PT, PBL, and PC traits. The percentage of phenotypic variance explained by the interaction of the E-QTLs ranged from 1.1 to 4.2 % for pod size traits (PWI, PT, PL, and PSI), 3.1 % for PBL and 13.3 % for PC. Among the 12 digenic interactions identified in this study, only two had both significant genetic and E-QE interaction effects. For PL, the percentage of phenotypic variance explained by the epistatic interaction between E-PL4
PP and E-PL11 PP loci was 1.2 % in LD10, while for PBL the percentage of phenotypic variance explained by the epistatic interaction between PBL1.2 PP and PBL8 PP loci was 1.1 and 0.8 % in LD10 and SD10, respectively. The positive and negative E-QE effect values obtained for this epistatic interaction indicate that both parent alleles could contribute to increasing the trait, depending on the environmental conditions.
Discussion
The main goal of the current study was to unravel the genetic variation underlying pod horticultural traits in common bean. The QTL analyses performed detected a total of 23 QTLs (single-locus QTLs and E-QTLs) for six pod traits: five of them had only individual additive effects and six showed only epistatic effects, while twelve had both effects. Hence, the genetic analysis carried out indicated that pod horticultural traits show a polygenic inheritance, where epistasis clearly plays a significant role, making this the first work to report a comprehensive QTL analysis of these traits in common bean.
Single-locus QTLs identified for pod horticultural traits
The total phenotypic variation explained by all putative single-locus QTLs was 2.2-5.9 % for pod size traits (PWI, PT, PL and PSI), 12.2 % for PBL and 20.6 % for PC. The single-locus QTL analysis results showed that the genetic basis of pod size traits and PBL seems to be controlled by a few minor QTLs. In addition, one major QTL (PC7.1 PP ) plus several minor ones were detected for PC. These results are in accordance with previous reports for pod traits in common bean (Koinange et al. 1996) and other legumes (azuki bean: Isemura et al. 2007; Kaga et al. 2008; rice bean: Isemura et al. 2010; and soybean: Liu et al. 2007) , where each trait was controlled by a few minor QTLs or by a major QTL and several minor ones. Most of the main genetic QTLs detected were consistent over the four environments, although six single-locus QTLs were subject to environmental modification. Interestingly, QTLs PWI1 PP , PL1 PP and PSI1.1 PP showed a differential expression between LD and SD environmental conditions, with negative and positive QE interaction effects in SD (SD09) and LD (LD10) environments, respectively. These results suggest that pod traits seem to be affected by genetic make-up as well as environmental factors, particularly those related to changes in temperature and rainfall.
There are few studies on the genetics of pod size traits in common bean. Single-locus QTLs for pod length have been reported in a Midas 9 G12873 (Andean cultivar 9 Mesoamerican wild genotype) RIL population by Koinange et al. (1996) on LGs 1, 2 and 7. In this study, using an Andean RIL population, three single-locus QTLs for PL were detected on LGs 1, 4 and 11. Despite the fact that comparative analysis of QTLs for different parent populations are especially complex, our results suggest that the genomic region of LG 1 seems to be involved in the genetic control of pod length in both Andean and Mesoamerican gene pools. On the other hand, the QTLs identified on LGs 4 and 11 might be specific to the Andean background, though additional studies would be necessary to draw definitive conclusions.
The Prp locus regulates anthocyanin in pods and V is an intensifier for other color genes, with Prp V and Prp v expressing purple and red pods, respectively (Okonkwo and Clayberg 1984; Bassett 1996 Bassett , 2005 . Kelly and Vallejo (2004) showed the existence of Prp located on Table 2 Single-locus QTLs and QTLs 9 environment (QE) interaction effects for pod traits identified in the RIL population PMB0225 9 PHA1037 based on long-day (LD) and short-day (SD) environments Table 3 Epistatic QTLs (E-QTLs) and E-QTL 9 environment (E-QE) interaction effects for pod traits detected in the RIL population PMB0225 9 PHA1037 E-QTLi LG 8, while the V gene was previously located on LG6 . The QTLs detected in this study for PC seem to be dispersed across the genome (LGs 2, 6, 7 and 8); of them, two QTLs were mapped on LGs 8 (PC8) and 6 (PC6), which could correspond to the Prp and V genes. The major QTL PC7.1 PP was mapped on LG 7, where the locus P, known as the ground factor for all color organs , was previously identified (Vallejos et al. 1992; Koinange et al. 1996; Erdmann et al. 2002) . In this population, the exotic nuña genotype (PHA1037) possessed the PP dominant alleles (pink flower, red seed and purple pods) while the cultivated genotype (PMB0225) had the pp recessive ones (white flower and seed, and green pods). Moreover, the negative additive values of QTLs for PC on LGs 2, 6 and 8 suggest that alleles from PMB0225 parent also contributed to the pod color segregation observed in the RIL population.
Epistasis is an important genetic basis of pod horticultural traits Despite the fact that epistasis is to be expected in traits that are controlled by several genes/QTLs in autogamous plants (Holland 2001) , previous QTL reports on pod-related traits (Koinange et al. 1996; Kelly et al. 2003; Myers et al. 2004; Davis et al. 2006; VandenLangenberg et al. 2012) have not taken into account the identification of epistatic effects. In the current study, epistasis was detected for the six pod traits evaluated and 12 epistatic interactions were identified. A common feature of the epistatic interactions detected for podrelated traits is that most of them occur between QTLs with main additive effects, but QTLs that showed only epistatic effects were also detected. These epistatic QTLs might be considered as modifying genes, which have no significant effects alone but might affect the trait's expression by epistatic interactions with other loci. Overall, the results suggest that, if epistatic effects are ignored in QTL mapping, the individual additive effects might be confused by epistatic effects. Hence, breeders must take into account not only the effects of individual alleles, but also the epistatic effects due to the interaction between alleles at different loci.
Among the epistatic interactions detected, we should highlight the E-QTLs involved in six epistatic interactions identified for PC, whose interactions explained 13.3 % of the phenotypic variance observed, indicating the significant role of epistasis in the genetic control of this trait. This complex genetic inheritance is in accordance with the results obtained by McClean et al. (2002) , who reported the existence of many genes that exhibit epistatic interactions with other genes, interactions that define the many colors observed within the species. In addition, the percentage of phenotypic variance explained by the remaining epistatic interactions was 1.1-4.2 % for pod size traits (PWI, PT, PL and PSI) and 3.1 % for PBL. Therefore, the results showed that not only individual additive effects but also digenic epistatic interactions clearly play an important role in the genetic control of size and pod color traits, suggesting that some loci have been co-adapted during domestication. In addition, the findings indicate the presence of favorable allele combinations (involved in epistatic interactions) within the Andean gene pool. Nevertheless, it should be noted that, although this study revealed a large number of epistatic interactions through statistical genetic analysis, many further studies are needed before we can fully understand the biological meaning of this phenomena.
Co-location of QTLs governing size horticultural traits
The QTL analyses showed that the regions of LGs 1a (66.5-95.6 cM), 1b (8.2-23.5 cM), and 4 (55.5-58.3 cM) bear single-locus QTLs and E-QTLs for PWI, PT, PL, PSI and PBL traits. In addition, significant correlations were found between pod size (PWI, PL, PT and PSI) and beak length (PBL) traits. Therefore, QTLs controlling pod size are generally not randomly distributed across the common bean genome, which also agrees with the results reported by Gepts (2004) . Most of the QTLs affecting pod morphology clustered on LGs 1 and 4, which indicates that these genomic regions may contain linked genes or a gene with pleiotropic effects governing these traits (Smartt 1976) . Further studies on fine mapping of the target genomic regions should help to elucidate the issue of pleiotropy versus tight linkage of QTLs. Previous studies have also described the colocation of QTLs for different agronomic traits in common bean (Tsai et al. 1998; Tar'an et al. 2002; Beattie et al. 2003; Blair et al. 2006; Pérez-Vega et al. 2010; Yuste-Lisbona et al. 2012) . Likewise, QTL clusters for pod size traits (length and width) have been observed in other legume species, such as Vigna unguiculata (Kongjaimun et al. 2012b ) and Vigna angularis (Isemura et al. 2007 ).
Future perspectives and challenges in markerassisted common bean breeding programs for pod horticultural traits
The mapping of QTLs associated with key pod traits in common bean could open up various opportunities to improve the efficiency of plant breeding and selection for lines with improved pod appearance and, hence, quality and market value. The results provide a foundation for marker-assisted selection of horticultural QTLs in common bean because most of these QTLs showed stability across significantly correlated traits, while also sharing QTLs for more than one trait, and they could be manipulated simultaneously in breeding programs. Therefore, dissecting the genetics of important horticultural traits in mapping populations is not only theoretically useful, it can also facilitate the choice of appropriate DNA markers to aid selection. The mapping of QTLs including epistatic loci for six important pod traits in the current study has strengthened the case for implementing marker-assisted breeding toward genetic improvement of common bean. In addition, the results of this work may contribute not only to better understanding of pod-related traits, but also to initiating a map-based cloning approach to the genes related to pod quality. Initiatives on sequencing and functional genomics of the common bean genome are currently in progress (McClean et al. 2009 ) and they will provide an excellent means of achieving this objective.
